This comparative geochemical study of jasperoid in the northern Great Basin is based on 65 samples from 10 Carlin-type gold deposits and 22 similar but apparently barren hydrothermal systems. Multielement geochemistry coupled with oxygen isotope data indicate that hydrothermal fluids in barren and mineralized systems evolved in different ways, and that there are fundamental geochemical differences among the various gold-producing deposits of the area.
Lovering and Hamilton (1962) used this same general approach (with the addition of rock color data) to evaluate the spatial association ofjasperoid bodies and ore in a study which included numerous mining districts throughout the western United States. In subsequent work, geochemical analyses on tellurium and mercury (Lovering et al., 1966 ) and gold (Lovering et al., 1968) were added to this jasperoid data base. Lovering (1972) incorporated most of these data in an expanded study on the use of jasperoid as a guide to ore, but he did not deal specifically with jasperoid geochemistry in Carlin-type gold deposits. Some of the concepts developed in Lovering's work on jasperoid were later applied by Lovering and Heyl (1974) to silver exploration in the Taylor mining district near Ely, Nevada.
In general, jasperoid geochemistry has received only incidental attention in the literature on Carlintype systems. Lovering (1962) however, discussed formational processes in relation to specific analytical data (i.e., jasperoid compositions). Geochemical analyses for jasperoid in Carlintype deposits of Nevada appear in papers by Erickson et at. (1966) and Hill et al. (1986) , but these data are not discussed in relation to formational processes. Sullivan (1984) Other studies by Akright et al. (1969) , Radtke et al. (1972) , and Harris and Radtke (1976) contain extensive data on rocks from the Carlin deposit but do not specifically discuss jasperoid geochemistry. Radtke (1985) , however, described siliceous alteration at the Carlin deposit and presented geochemical analyses for silicified carbonate rocks in the deposit. These studies, and others such as those by Marsh (1976) and Ikramuddin et al. (1986) , have undoubtedly encouraged t•e widespread use of As, Sb, T1, and Hg as pathfinder elements in Great Basin exploration programs. Nelson (1985) , however, has pointed out that anomalous concentrations of these elements are common to both barren and mineralized systems and cannot be used to discriminate between them. In another study that included jasperoid analyses, Nelson (1986) suggested that an unspecified source-rock geochemical signature may constitute a more effective, discriminatory exploration tool.
Only a small body of data exists on the oxygen isotope composition ofjasperoid in Carlin-type deposits. Recent fluid inclusion and oxygen isotope studies by Hofstra et al. (1987) and Northrop et al. (1987) at the Jerritt Canyon deposit, and similar studies by Rose and Kuehn (1987) at Carlin, have led to genetic models of ore formation which account for the composition and evolution of hydrothermal fluids in these systems. The relationships between jasperoid paragenesis, •sO values, and fluid inclusion compositions observed in these studies provide a working framework within which much of our elemental and isotopic data on jasperoid can be interpreted.
Although Rye (1985) compared •sO data from jasperoid at the Carlin and Cortez deposits, the isotopic studies mentioned above are generally depositspecific rather than comparative, and none speculate on how •80 values might vary in other deposits or in related gold-barren systems of the Great Basin province. Beaty (1987) , however, noted that •sO values associated with jasperoid from a subeconomic gold occurrence in southern Utah were generally lower than those associated with jasperoid from the Carlin deposit (Radtke et at., 1980).
Design and Scope of the Geochemical Study
In this paper the term "jasperoid" is used to denote "an epigenetic siliceous replacement of a previously lithified host rock"--a definition adopted by Lovering (1972, p. 3) based on the original introduction of the term by Spurr (1898) . For the purposes of this study, the additional qualifications were imposed that the replacement silica be of hydrothermal origin and that the host rocks be sedimentary (either carbonate or clastic). Furthermore, any sample that contained less than 70 percent SiO2 or more than 10 percent AI2Oa was considered to be only weakly silicified and was not used in the study.
Throughout this paper the terms "mineralized"
and "barren" are used to make the general distinction between hydrothermal systems that have formed economically significant Carlin-type gold deposits (at gold prices of $300 to $500 an ounce) and those that have not, or presumably have not. The barren systems discussed in this paper may therefore include systems that are, apparently, only weakly mineralized but that could in some cases prove to be economic upon further testing.
Sample distribution
The investigation of jasperoid geochemistry outlined in this paper was based on 65 samples collected from 32 different localities in the northern Great Basin of Nevada (Fig. la) . Of these samples, 32 were collected from ten different deposits that have been gold producers (Alligator Ridge, Carlin, Gold Quarry, Jerritt Canyon, Maggie Creek, Northumberland, Pinson, Preble, Tonkin Springs, and Windfall). The other 33 samples were collected from 22 different exploration prospects (many of which have been drill tested) that are considered to be barren systems.
Regional geologic setting
The geographic distribution of jasperoid samples is such that two distinctly different geologic terranes are represented in this study. The trace of the Roberts Mountains thrust roughly divides the jasperoid study area into eastern and western parts ( (Kistler, 1983; Speed, 1983) and is nearly coincident with the western limit of lower Paleozoic continental shelf rocks (Stewart, 1980; Speed, 1983) . The Isr = 0.706 isopleth is considered by some (see Stewart, 1980) to represent the boundary between oceanic and continental lithosphere; however, Farmer and DePaolo (1983) have interpreted the Isr ----0.708 isopleth, somewhat east of the 0.706 isopleth (Fig. lb) , as the western edge of Precambrian crystalline basement. Based on the Sr and Nd isotope signatures of Mesozoic and Tertiary granites (i.e., granodiorites) in the northern Great Basin, Farmer and DePaolo (1983) suggested that granites west of the Roberts Mountains In only using samples from northern and eastern Nevada, this investigation focuses on the geologic terranes immediately bordering (on either side) the trace of the Roberts Mountains thrust in the northern Great Basin. The terrane lying between the trace of the thrust on the east and the Isr = 0.706 isopleth on the west (Fig. lb) hosts most of the large-tonnage Carlin-type gold deposits in Nevada, the Alligator Ridge deposit being the most notable exception. Although there are many jasperoid occurrences in western Utah, this area is well inboard from the Isr --0.708 isopleth and, with the exception of the Mercur deposit, does not contain any large-tonnage Carlin-type gold deposits.
Methodology

Sampling
The jasperoid samples used in this study constitute a diverse sample population. Samples were collected either as hand specimens or as composite rock chip samples by over a dozen different geologists in the course of mine tours, project work, and regional reconnaissance. All samples were collected either from exposures in open-pit mines or from undisturbed outcrop, although none were collected specifically for the purposes of this investigation. Samples from operating gold mines were generally collected from within or near ore zones, although geochemical zoning with respect to ore was not a primary consideration in sampling. Outcrop samples from undeveloped prospects were typical of those collected in the course of routine exploration work.
Elemental analyses
Multielement data were obtained on all samples through commercial laboratories. Gold was analyzed at Skyline Labs, Inc. (Wheat Ridge, Colorado), by atomic absorption spectrometry using an HBr digestion and a MIBK (methyl isobutyl ketone) extraction. Data on all other elements were obtained by means of inductively coupled argon plasma (ICP) spectrometry at Acme Analytical Laboratories Ltd. (Vancouver, B.C.). The aqua regia digestion used for ICP trace element analyses (not major element oxide analyses) was reported by the laboratory to be only partial for some of the elements used in this study (B, Ba, Mn, and W). Although higher quality data could have been obtained by means of other analytical techniques, we deliberately used data that could be obtained at low cost in the course of routine exploration work.
Oxygen isotope analyses
Oxygen isotope compositions were determined for 19 of the 65 jasperoid samples used in the geochemical investigation. Prior to isotopic analysis, purified quartz fractions were obtained by boiling pulverized jasperoid subsamples in aqua regia. (This procedure does not remove either detrital or diagenetic quartz, nor does it remove certain acid-stable mineral phases such as barite.) Oxygen isotope ratios were measured at the Center for Applied Isotope Studies at the University of Georgia using the fluorine technique (Taylor and Epstein, 1962) . The data are reported with respect to SMOW in standard per mil notation; precision is ___0.2 per mil.
Elemental Geochemistry
Summary statistics on the 27 elements used to interpret the jasperoid geochemistry appear in Table  I (gold analyses reported In this jasperoid study, SiO2 concentrations range from about 73 to 98 wt percent (Table 1) . This variation underscores the fact that, besides hydrothermal In this study, the data for bismuth, cadmium, and uranium were not used because of their relatively low variations. Data for chromium were discarded because of possible contamination from pulverizer plates in some samples. The remaining data were log transformed so that element variation would be independent of concentration. Data for each element were then scaled to a decimal fraction of their range so that relatively abundant variables, such as the major element oxides, would not dominate the results.
Much of the variation in the jasperoid geochemical data can be accounted for in terms of a seven-factor model. The varimax factor scores obtained in evaluating the jasperoid data are presented in Table 2 . The factor loadings for jasperoid samples are tabulated in Appendix II. The seven-factor model (Table 2) accounts for over 92 percent of the total sum of squares (commonly, but erroneously, referred to as total variance) in the jasperoid data. Models with more than seven factors had trailing factors which individually accounted for less than 2 percent of the total sum of squares. The factor model is dominated by factors 1, 2, and 3 which together account for over 72 percent of the total sum of squares. In contrast, factor 4 alone accounts for just over 10 percent, whereas factors 5 through 7 together account for less than 10 percent.
An abstract of the factor score matrix in Table 2 is presented in Table 3 where elements with scores above 0.2 are listed in order of decreasing factor score. Synoptic interpretations for each of the seven factors in Table 2 are also listed in Table 3 . These interpretations are discussed in the following sections. In general, the factor model reflects common lithologic components associated with jasperoid in Carlintype deposits: altered and unaltered host-rock constituents, chert, barite, silica, carbonate minerals, and perhaps secondary iron oxide minerals.
Q-mode factor analysis is not based on normal (Gaussian) element distributions and results cannot be interpreted in terms of statistical significance or probability. We have used factor analysis in this study only as means of obtaining some insight into the processes responsible for chemical variability in jasperoid samples. The factor model which appears in Table 2 is just one of many that might have been obtained had a different mix of variables (or samples) been included or had the data been scaled in different ways. Factor 2: With high scores for Au, Ag, Sb, SiOn, As, and Pb, factor 2 is much like the epithermal pathfinder assemblage upon which many Great Basin exploration programs have been based. Factor 2 is interpreted simply as an epithermal mineralization factor related to the deposition of hydrothermal silica.
In some samples factor 2 could be associated with nondiagenetic quartz veinlets as well as with jasperoidal silica. The slightly negative score for Fe•Oa (Table 2) suggests that factor 2 mineralization may have had a relatively weak association with the deposition of iron sulfide minerals.
The five samples with the highest loadings of factor 2 are all from the Windfall deposit (Appendix II), indicating that the alteration-mineralization represented by factor 2 is most clearly expressed in the samples from this locality. Although factor 2 is apparently related to gold mineralization, many barren system samples have factor 2 loadings that are as high or higher than many samples from the Alligator Ridge, Carlin, Gold Quarry, Maggie Creek, Pinson, and Preble deposits (Appendix II). This implies that some other factor (or factors) must also be related to gold mineralization in the northern Great Basin.
Factor 3: Factor 3 is characterized by relatively high scores for tungsten, boron, and most of the transition metals in the study (vanadium, zinc, cobalt, nickel, manganese, and copper--see Tables 2 and 3) . Factor 3 also carries a relatively high score for gold and positive (though not especially high) scores for arsenic and antimony (Table 2) .
Although trace element constituents dominate factor 3, it is the major element associations that provide the framework for its interpretation. (The relative dominance of trace elements in factor 3 is an artifact of the log-transformation and scaling procedures.) The only major element oxide having a score above 0.2 is CaO; however, scores for both Fe•Oa and MgO are above the 0.1 level. The major element oxides associated with silicate minerals, including A12Oa, K•O, Na•O, and TiO•, have negative factor 3 scores, and the score for SiO• is strongly negative. In light of its major element relationships, factor 3 must be interpreted as a carbonate factor related to the precipitation of hydrothermal calcite, dolomite, and/or ferroan dolomite. High factor 3 loadings might also reflect the presence of scheelite in some samples. It must be emphasized that factor 3 is not considered to be a vein-related factor. Concentrations of CaO and the transition metals are generally low in the jasperoid samples of this study (Table 1) In this study, the three samples with the highest factor 3 loadings are all from the Gold Quarry deposit (Appendix II), and samples from the Carlin, Maggie Creek, Pinson, and Preble deposits also have relatively high factor 3 loadings. Samples from other gold-producing deposits in the study have generally lower factor 3 loadings, and samples from the Windfall and Northumberland deposits have factor 3 loadings that are lower than those associated with many samples from barren systems.
Factor 4: With relatively high scores for Ba, SiO2, and St, factor 4 is undoubtedly related to barite and quartz. Sample descriptions (coupled with the oxygen isotope data), however, indicate that factor 4 is also related, in some samples at least, to chert--an unreplaced host-rock component present in many Carlintype deposits of northern Nevada. It may be that chert in the study area is either barium rich or has a common primary association with barite that makes it indistinguishable in the factor model from a jasperold-barite association (also common at many deposits) or from hydrothermal quartz-barite veinlets. In any case, some (but not all) samples with high factor 4 loadings (Appendix II) probably have a significant chert component, and in a strict sense, should not be considered jasperold. Two of the three Jerritt Canyon samples in this study have high factor 4 loadings and appear to contain a significant chert-related component.
Factor 5: Factor 5 is the least understood component of the factor model; however, in terms of the sum of squares data, it is also the least important (Table 2). Factor 5 has scores above 0.2 for Mo, Na20, As, Fe•O3 (total iron), and La--and a score above 0.1 for P•Os. It has negative scores (below -0.2) for Ba, TiO•, and Al•O3. Factor 5 might be related to secondary iron oxide minerals, although it is difficult to explain the association with Na20 in these terms. Still, under oxidizing conditions, Mo, As, and P are mobile as anionic species that are readily scavenged by secondary iron oxide minerals. Two observations can be made regarding the geologic associations of factor 5. First, factor 5 has moderately high loadings in samples from both the Northumberland and Pinson deposits where intrusive rocks are proximal to ore (Motter and Chapman, 1984; Kretschmer, 1986) . Second, the three samples having the highest factor 5 loadings are all from the Hanson Creek Formation. At least one of these samples was collected from the Upper Chert member of the Hanson Creek Formation and chert is present at the Northumberland and Pinson deposits. These observations do not, however, provide an obvious interpretation for factor 5 and may not be particularly relevant. Therefore, for the purposes of this study, factor 5 will be left uninterpreted.
Factor 6: With relatively high scores for Na20, CaO, K•O, MgO, Mn, and SiO• (and AlcOa), factor 6 is interpreted as an unaltered, silty carbonate, hostrock component. It represents a component of jasperold samples that, like chert, is unrelated to Tertiary silicification, alteration, or mineralization. Relatively high factor 6 loadings in individual samples mean that loadings for other, hydrothermal-related factors will be concomitantly lower (Appendix II).
Factor 7: The element association of factor 7 is indicative of base metal mineralization, silicification, and perhaps, phyllic (K-rich) alteration as well. Pb, Zn, SiOn, Ag, and Cu have factor scores above 0.2, and Mn and K20 have scores above 0.1 (Table 2 ). The Pb-Zn-Ag-Mn assemblage is typical of manto deposits, such as those of the Pioche district (Gemmill, 1968) , which is located just south of the jasperoid study area, or those of the Eureka district (Nolan, 1962) , which is located near the Windfall deposit (Fig. la) . Manto deposits are generally associated with intermediate composition porphyry intrusions, and in their metal assemblages, are distinctly different from Carlin-type gold deposits. Factor 7 may therefore reflect the overlapping influence of another metallogenic province in the study area. Indeed, the three samples with the highest factor 7 loadings (Appendix II) are from the prospects located in the southernmost part of the study area (Fig. l a) . Geochemically, these prospects may bear more of a similarity to the Taylor is related to unreplaced, unaltered host rock and is therefore a factor that is relatively independent of fluid type. Note that factor 6 has a near-neutral factor score for gold (Table 2) .
Barren versus mineralized systems
The factor model quantifies relationships among jasperoid samples in terms of components (factors) that reflect the composition and evolution of hydrothermal fluids. Because of this, the factor model provides some insight into the systematics of jasperoid geochemistry in Carlin-type gold deposits and in related but barren epithermal systems.
Factors 2 and 3 are the only factors in the model directly related to gold mineralization (Table 2 ), yet they are negatively correlated (Appendix II). Because factors 2 and 3 are most strongly associated with individual deposits (Windfall and Gold Quarry, respectively), the negative correlation between them suggests that different types of mineralizing fluids, or perhaps different mineralizing processes, were associated with samples from different localities in this study.
In Figure 2 , all of the jasperoid samples are plotted in terms of their loadings for factor 3 against those for factor 2. This diagram clearly shows that samples from barren and mineralized systems are, in general, geochemically distinct and plot in separate areas. Moreover, most samples from specific mineralized systems plot in relatively small, well-defined groups in areas of high factor 2 and/or high factor 3 loadings. All of the mineralized-system samples which do not plot in or near their respective system groups have high loadings of one or more of factors 4 through 7, indicating that they have a significant chert, barite, iron oxide (?), unreplaced silty limestone, and/or base metal component (Tables 2 and 3 In Figure 3 , samples with high factor I loadings (those nearest the origin) are characterized by a relatively dominant argillically altered residuum component and relatively weak gold-related mineralization components (factors 2 and 3). Altered noncarbonate residuum would be a component common to jasperoid in both barren and mineralized systems. Factor 1 loadings are, therefore, probably influenced by an interplay among several variables: (1) the amount of noncarbonate material in original host rocks, (2) the degree to which aluminum and potassium were soluble in hydrothermal fluids, and (3) the degree to which elements with high scores of factors 2 and 3 were either not present or not precipitated during jasperoid formation.
If the first two of these variables were roughly comparable in all of the systems studied, it would imply that the factor I component (residuum) simply dominates by default in weakly mineralized samples. It may be, however, that factor I loadings are generally low in mineralized samples not only because metal-bearing solutions were present but also because aluminum and potassium were inherently more soluble in these solutions. Relationships between loadings for the two gold mineralization factors (factors 2 and 3) are roughly similar in samples from individual deposits but are highly variable among samples from different deposits (Appendix II and Fig. 3 ). This observation suggests that the gold deposits considered in this study form a continuum between two end-member types, with the Windfall deposit (primarily related to factor 2) at one extreme and the Gold Quarry deposit (related to factor 3) at the other. Other deposits appear to be intermediate between these two extremes. The hypothesis that the Windfall and Gold Quarry deposits may represent geochemically distinct deposit types and that their differences are readily apparent in jasperoid geochemistry has far-reaching implications for understanding the genesis of these deposits and for exploration work as well.
The deposit groupings in Figure 3 also suggest that there is a definite regional geologic control governing the relative importance of factors 2 and 3 in jasperoid samples from producing mines (Appendix II and The jasperoid factor model together with the oxygen isotope data indicates that hydrothermal fluids in barren and mineralized systems evolved in different ways. These data also suggest that fluid evolution in hydrothermal systems along the Carlin and Getchell trends may have been somewhat different from that in other gold-producing systems of the northern Great Basin. Chemically, jasperoid samples from specific gold deposits are quite similar to one another, yet, as groups, they are generally distinct from those of other localities (Fig. 3) . These relationships suggest that the overall chemistries of the individual systems studied were largely determined before fluids reached the levels at which most of the gold and silica were precipitated from solution. It is therefore inferred that water-rock exchange involving deeply circulating fluids in different geologic settings must have been a critical factor in determining the elemental and isotopic geochemistry of jasperoid in Carlin-type gold deposits of the northern Great Basin.
Fluid evolution in barren systems
Taken together, the elemental and oxygen isotope data indicate that jasperoids from barren systems were the products of relatively unexchanged hydrothermal fluids. Samples from barren systems are generally characterized by relatively high factor 1 (altered residuum) loadings, low factor 2 and factor 3 (gold-related) loadings, and low •iiso values (Figs. 3 and 5) . The factor analysis signature is indicative of processes that could have occurred simply as the result of rock interaction with relatively metal-deficient hydrothermal fluids. The •iiso data are indicative of hydrothermal fluids that either did not, for some reason, experience significant water-rock exchange, or were diluted by relatively unexchanged, high-level, meteoric water. Although capable of silicifying and argillically altering host rocks, the relatively unexchanged fluids in barren systems did not, evidently, carry sufficient gold to produce mineable deposits. It does not necessarily follow, however, that exchange reservoirs in barren systems were dominated by relatively unreactive rocks, or even by rocks that were relatively low in •sO and gold contents. If this were true, it would be difficult to explain the proximity of many barren and mineralized systems in apparently similar geologic settings.
Fluid evolution in Carlin-type systems
Jasperoid from the Windfall, Northumberland, and Tonkin Springs deposits apparently formed from hydrothermal fluids that were relatively more exchanged than barren-system fluids and that probably carried significantly more gold in solution. These fluids not only silicified and argillized host rocks but also produced small-to medium-sized gold deposits. Samples from these deposits are generally characterized by high factor 2 (Au, Ag, Sb, SiOn, As, Pb) loadings, low factor 1 and 3 loadings, and low to moderately high •iisO values (up to 12.1%0).
Based on the oxygen isotope data, it appears that at least some hydrothermal fluids in the Alligator Ridge, Carlin, and Pinson systems experienced extensive oxygen exchange with •SO-rich source rocks.
Samples from these deposits, and from the Gold Quarry and Maggie Creek deposits as well, also have relatively high factor 3 (W, B, V, Zn, Co, Au, CaO, Ni, Mn, Cu) loadings--a factor interpreted as being related to jasperoidal inclusions of hydrothermal calcite. It appears, at first, that exchange reservoirs for these hydrothermal systems must have contained source rocks that were relatively reactive, permeable, 180 rich, and metalliferous. It is doubtful, however, that these exchange reservoirs (except for Alligator Ridge) would have differed significantly in bulk composition from those associated with other Carlin-type deposits located west of the Roberts Mountains thrust. It seems unlikely, therefore, that the lithologic character of fluid exchange reservoirs alone could satisfactorily account for the geochemical and isotopic variation which is associated with the hydrothermal systems considered in this study.
Fluid compositions
It is argued above that the geochemical and isotopic differences among hydrothermal systems in this study cannot be solely attributed to variations in the general character and composition of fluid exchange reservoirs. A possible explanation for these differences may therefore lie in the character of the hydrothermal fluids themselves. The implication of this argument is that circulating meteoric waters must have been influenced by deep-seated crustal processes in such a way as to affect profoundly the manner in which they interacted with rocks in fluid exchange reservoirs.
In this study the geochemical differences among jasperoid samples from the gold-producing deposits are most clearly expressed in terms of their factor 2 and 3 loadings--factors interpreted as being related to the deposition of hydrothermal silica and calcite, respectively. Although these factors appear to have a generally antithetic relationship in Figure 3 , in actual hydrothermal systems the precipitation of silica and calcite are by no means mutually exclusive processes and can, in fact, occur simultaneously.
The components represented by factors 2 and 3 are present to some extent in all samples (Appendix II) and the main differences between samples from gold-producing systems are, for the most part, simply differences in the balance between these two end members. Because jasperoid samples from all mineralized systems generally contain anomalous concentrations of the elements associated with factor 2 (i.e., Ag, Sb, As, and SiO2), most of the variation among these samples can be attributed to the relative importance of the factor 3 (calcite) component in individual cases. If hydrothermal calcite (factor 3) is absent or relatively unimportant in jasperoid from a gold-mineralized system, factor 2 would be the relatively dominant factor. Conversely, factor 3 loadings would increase relative to factor 2 (and other) loadings to the extent that a hydrothermal calcite phase was present as inclusions within jasperoid. In actual jasperoid samples, the calcite-related component represented by factor 3 would always be a very minor constituent compared to the silica-related component represented by factor 2, even in samples with exceptionally high factor 3 loadings.
The one property of hydrothermal fluids most likely to influence the calcite content of jasperoid is CO2 content. Although calcite solubility is retrograde with respect to temperature, it increases substantially with increases in the partial pressure of CO• and salinity (Holland and Malinin, 1979) . Deep fluids in most active geothermal systems are near calcite saturation (Ellis, 1970) and it is likely that fluids in Carlin-type hydrothermal systems were as well. Any loss of CO• from these solutions, as in the partitioning of gases into a separated vapor phase during boiling, would have resulted in the precipitation of calcite (Mahon et al., 1980) . During decompressional boiling, decreasing temperature and increasing silica concentration in residual fluids would have also resulted in the precipitation of silica (Drummond, 1981; Fournier, 1985) . Boiling of CO•-rich fluids could therefore produce a siliceous precipitate that included hydrothermal calcite. Although jasperoid samples with high factor 3 loadings may reflect some variation of this process, it probably could not have occurred simultaneously with the dissolution of carbonate host rocks. Boiling solutions do, however, become calcite undersaturated after some vapor separation (Ellis and Mahon, 1977; Drummond, 1981) and it may well be that jasperoid associated with high factor 3 loadings formed in some sort of an episodic fashion.
It is not the purpose of this paper to discuss fully the mechanisms by which jasperoids with high factor 3 loadings might have formed. Based on discussions by Lovering (196oe), Drummond (1981) , Sullivan (1984) , and Fournier (1985) , however, it appears likely that this type of jasperoid probably formed in association with boiling processes. Although jasperoid could have also formed as a result of fluid mixing with cooler meteoric ground water, it is unlikely that calo cite-bearing (factor 3) jasperoid would have formed in this process since calcite would have become relatively more soluble in lower temperature mixed fluids. In light of these observations it might be argued that the main difference between jasperoid having high factor 2 or high factor 3 loadings lies simply in the mode of formation--factor 2 related to nonboiling processes and factor 3 related to boiling processes. This argument notwithstanding, jasperoid with high factor 3 loadings would have been more likely to form in hydrothermal systems that had high CO• contents.
Calcite is most likely to precipitate from hydrothermal fluids in which CO2 concentrations are high (Mahon et al., 1980) . On the basis of the factor model (Table oe, Fig. 3) , it therefore appears that Gold Quarry (primarily associated with factor 3) and other deposits on the Carlin and Getcheil trends were relatively high CO• systems. Conversely, the Windfall, Northumberland, and Tonkin Springs deposits (prio marily associated with factor 2) appear to have been Cunningham (1985) noted that the area between the initial strontium isotope 0.706 and 0.708 isopleths (Fig. lb) hosts many of the major Great Basin gold deposits (including those on the Carlin and Getcheil trends). It is unlikely that the bulk chemical compositions of fluid exchange reservoirs in this area differed substantially from place to place, yet many barren hydrothermal systems also occur in this terrane. The fact that many of these barren systems must have had exchange reservoirs that were not significantly different from the one at Carlin must be explained. Conversely, the fact that some significant gold deposits, such as Alligator Ridge and Mercur, lie well to the east of the Isr --0.708 isopleth and the Roberts Mountains thrust also requires explanation. Exchange reservoirs for these hydrothermal systems must have been markedly different in character from those at Carlin and other deposits which lie west of the Roberts Mountains thrust, yet these systems produced largetonnage Carlin-type gold deposits.
These observations argue that the chemical and lithologic characteristics of upper crustal exchange reservoirs were probably of little import in determining the CO• contents of deep fluids in convecting Great Basin hydrothermal systems. It appears, therefore, that the factors determining CO• contents in these fluids must have been related to a more profound geologic control. We speculate that this control must be related to deep crustal structures which traverse the upper crustal boundary of the Precambrian continental margin. The ultimate source of CO2 in many Great Basin hydrothermal systems may be related to deep crustal processes such as decarbonation metamorphic reactions (Rose and Kuehn, 1987) or even to subcrustal process such as mantle degassing (Barnes et al., 1984) .
Conclusions
Carlin-type gold deposits of the northern Great Basin may include two geochemically and isotopically discernible end members. Our study suggests that these end-member types are primarily distinguished by the degree to which CO• played a role in hydrothermal processes. Jasperoids from the Carlin and Getcheil trend deposits (Carlin, Gold Quarry, Maggie Creek, Pinson, and Preble) have geochemical and isotopic characteristics which distinguish them from jasperoids in the other gold deposits of this study. It appears that mineralizing fluids in the Carlin and Getcheil trend systems were characterized by comparatively high CO• contents and by extensive oxygen exchange in source-rock reservoirs. A causal connection between high CO• contents and extensive oxygen exchange is suggested by this study but cannot be proven. It does appear, however, that high CO• contents may have been a critical factor in the hydrothermal processes associated with formation of the larger Carlin-type deposits. In terms of total contained gold, the Gold Quarry deposit, a high CO2 system, is almost two orders of magnitude larger than the Windfall deposit, a low CO• system.
Application to exploration
Many barren epithermal systems in the northern Great Basin have been drill tested in exploration programs that were based in partIon the occurrence and pathfinder geochemistry (i.e., As, Sb, Hg, and T1 content) ofjasperoid. Clearly, more cost-effective exploration decisions could be made if the processes responsible for variations in jasperoid geochemistry were better understood. This study shows that these processes can be identified and evaluated through factor analysis of rudimentary geochemical data and the acquisition of oxygen isotope analyses. The jasperoid factor model provides an overview of geochemical variation in hydrothermal systems of the northern Great Basin. It also provides a means of understanding these systems in terms of paragenetic relationships and fluid evolution. The extent to which this study can currently be applied to exploration may be somewhat limited, however, by its regional, rather than deposit-specific, scope.
At this time, it is not known how loadings associated with factor 2 (Au, Ag, Sb, SiOn, As, Pb) and factor 3 (W, B, V, Zn, Co, Au, CaO, Ni, Mn, Cu) might be zoned with respect to ore (or with respect to one another) at specific deposits--or to what extent they might occur in truly barren systems. These factors are, however, apparently related to different types of ore-stage hydrothermal solutions and there are definite paragenetic implications associated with factor I (TiO•, Al•O3, La, K20, Sr, Fe•O3, Th) and factor 4 (Ba, SiOn, Sr) as well. The elemental and isotopic geochemistry of randomly collected samples can therefore provide some insight into the types of fluids involved in jasperoid formation, and into their oreforming potential. 
